Abstract: In Croatia as in other European countries we experience a decrease of fertility and a demographic ageing of the population. In almost all the countries the level of fertility is below the replacement level. The decrease of the fertility and the increase of life expectancy leads to a larger proportion of the elderly population and to a decrease of the potential working contingent, which influences the entire economic development. A systematic analysis of the population is therefore essential. To analyze the population, as precise as possible, we apply demometric methods. Thus, the fertility, the stable population model, and the hidden population momentum are analyzed.
Introduction
Croatia is faced with the problem of natality and a demographic aging of the population. The population of Croatia is continuously decreasing. At the time of acquiring independence in 1991 Croatia had 4.513 million inhabitants, thereafter, the population decreased to 4.443 millions in 2002 (CBS, 2004) . According to the UN (2004) evaluation such trend shall continue, and in 2050 Croatia shall have 19% less inhabitants then in 2000, i.e. a population of 3.587 millions.
The main cause for such a decrease, after demographic transition is decrease in natality rate. The crude birth rate is lower than the mortality rate. The total fertility rate in Croatia in 2002 was 1.34 (Eurostat, 2005) , which is below a rate of 2.1, necessary to reach simple reproduction. Such small rates, smaller than 2.1, are already common since 1965 (UN, 2003) . Population aging is observed from the participation of population 65 years of age or older throughout many years. In the intercensal period 1991-2001 the fraction of older population increased from 11.8% to 15.7% (CBS, 2004) . Natality decrease and population aging is not characteristic for Croatia only, but for entire Europe. According to CEC (2004) the only European state in 2002 with a total fertility rate above the level of simple reproduction was Turkey.
The whole world is experiencing a decreasing fertility and an increase of life expectancy. This means that there is more and more older population, especially in European countries. From the economic point of view population aging is becoming an overall problem. As a result of such a trend in population dynamics, the proportion of the working age population is decreasing, while the older population keeps increasing.
In Section 2 we analyze fertility. This analysis was done through fertility rates with application of quantum and tempo fertility analyzes according to the Bongaarts-Feeney method. We also analyze the Coale-Trussell marital fertility. The third section deals with a stable population model and with the intrinsic growth rate. The hidden moment of the population growth is elaborated in Section 4. The fifth section is dedicated to some conclusions. All the calculations are done in Excel.
Analysis of Fertility

Fertility Rates
Fertility supposes the rate between born children and the number of fertile women. Since only persons in their fertility age participate in the reproduction, as natality parameters, different fertility rates are usually applied since they consider the number of life born children and women in their fertility age. Fertility rates assume general fertility rate, specific, and total fertility rate. The general fertility rate (GFR) represents the relation between live born children and the number of women in fertile age and is calculated as
where N is the number of live births and 35 P f,15 denotes the size of the female population aged 15 to 49 on June 30th of any given year. The general fertility rate range from 0.005%
A.Štambuk 75 to 3% (Rowland, 2003) . This is also a crude rate which is explained below, because it includes all the women in their fertility age, irrespectively of the fact weather they have or have not given a birth. Since pregnancy depends on the age of mother, consideration of the fertility rate according certain age group seems to be more appropriate. Such rate is called specific fertility age rate and is computed as
where n f x denotes the age specific fertility rate of the female population aged x to x + n, n N x is the number of live births given by a women aged x to x + n, and n P f,x is the size of the female population aged x to x + n calculated on June 30th. The specific fertility rate is computed for the women population aged 15-49, while the single rate is usually calculated for five year periods. The specific fertility rate supposes the number of live births given per 1000 females in the appropriate age group. As far as the specific fertility rate is concerned the computation considers the total fertility rate (TFR), obtained by summing the age specific rates for a given time point, i.e.
The TFR represents an average number of children born by a woman during her fertile period, given she survived the entire period. This rate is used as an indication for the population reproduction. Often TFR is used to estimate the fertility growth factor in a population, i.e. whether the childbearing population is replacing itself or not. Thus, TFR ≥ 2.0bpw indicates that on average couples are producing at least two children to replace themselves. If TFR > 2.0bpw for a longer time period, the size of the next generation of childbearing age is likely larger than the present one of that age if all other influential parameters affecting the population like death rates or migration remain the same. However, since not all the women survive their fertile period a threshold value of 2.1 is considered in order to ensure at least simple reproduction. Therefore, if TFR = 2.1bpw, then the simple population reproduction is obtained. A TFR > 2.1bpw indicates an expanded population reproduction, and TFR < 2.1bpw stands for a decreased population reproduction.
The demographic transition model aims to explain the transformation of countries from having high birth and death rates to low birth and death rates and is based on the change in crude birth rate (CBR) over time expressed per thousand population. The CBR is a value that measures the growth of a population and is called crude because it does not take into account the age or the sex differences among the population. The CBR is determined by taking the number N of childbirths in one year in a certain country, dividing it by p, the country's population, and multiplying this number by 1000, i.e. CBR = N p 1000 .
Croatia has gone through the process of demographic transition. The CBR has been decreasing for many years and sometimes it was even lower than the mortality rate. Especially in the period 1960-2002 this rate decreased from 1.84% to 0.9%.
Because it is only a crude indicator of some fertility movement, we apply instead the TFR as a measure of population reproduction. Way back in the sixties the TFR in Croatia started to decrease below the replacement level. From 1965 to 2002 it reached a level just below the replacement rate. The only European country in 2002 with a TFR above the simple reproduction was Turkey with 2.46bpw. The lowest value was observed in the Czech Republic with 1.18bpw, while for Croatia it was 1.34bpw at that time (CEC, 2004) .
The Bongaarts-Feeney Method
The TFR is the most commonly used measure of fertility. However, it may also lead to wrong conclusions, a fact which is well known in demography (Land et al., 2005; Bongaarts, 1999; Yi and Land, 2001) .
The fertility contains quantum and tempo components. The quantum component supposes the value of TFR if no changes occur during measuring the TFR. The tempo component represents the deviation due to a change in the mean age of women at birth (Philipov and Kohler, 2001; Akrap et al., 2003; Yi and Land, 2001) . When children are born at mothers' later age the TFR decreases. With decreasing women's age at birth the total fertility increases. This phenomenon of underestimation or overestimation of the fertility is called tempo effect (Philipov and Kohler, 2001 ).
The fact that there is TFR distortion due to a tempo effect is well known since a long time. However, until recently there is a lack of methodology harmonization, which could correct this deficiency. In 1964 Norman Ryder suggested the application of the translation equation for correcting the computation of fertility (Ryder, 1964) . However, his method was never accepted. Bongaarts and Feeney (1998) proposed a simple method to eliminate such a tempo effect from the TFR. By the Bongaarts-Feeney method it is possible to obtain an adjusted TFR, say TFR', which is free from any tempo distortion and is only based upon the quantum component. The quantum component is supposed to better indicate how many births a woman shall give on average during her fertile period, assuming that a reproductive behavior continues.
The TFR can be expressed as
where i denotes the parity and TFR(i) is the TFR for the ith parity. TFR(i) refers to the ith parity only. The adjusted TFR is calculated as
where TFR'(i) is the adjusted TFR of parity i, i.e.
For any given year the change in the mean age of woman giving birth to their ith child is denoted by r i .
A.Štambuk 77 The Bongaarts-Feeney method proved to be useful when analyzing fertility, especially in cases when the childbearing age is changing. The TFR' represents the fertility quantum, i.e. a fertility free from any tempo effect. A quantum component means a better indication of how many children on average a woman will give birth to during her fertile period, if her reproductive behavior will continue. The method became quite popular in demography and there have already been suggestions to work on the improvement of this method (Philipov and Kohler, 2001) .
The fertility in Croatia in the last several years was analyzed by applying the BongaartsFeeney method. Data regarding the number of children according to the parity and to the mother's age are available for the period 1994 -2002 . Data for 1994 and for 1996 -2002 are available from Eurostat. For 1995 see the report UN (1999) . Information about the average mother's age are not available. Thus, it is calculated from the number of born children of each parity and the total numbers of women according to the age groups, which are further calculated from specific fertility rates and from the total numbers of childbirths according to mother's age groups (see CBS, 1999 CBS, , 2004 . The TFR is graded from 1 to 5 parities or as unknown. The 5th parity includes also all higher parities. To estimate the corrected TFR of each parity in time t, the quantity
is used, where a i (t) denotes the mean age of mothers given birth to their ith child. The fertility quantum is the sum of quantum of each parity. Due to the nature of this computation it is impossible to determine the quantum and tempo for the first and the last year. Results are shown in Table 1 . It is apparent that in the entirely analyzed period 1995-2001 the fertility is smaller compared to the real one. By eliminating the tempo effect the fertility increases, which is the result of the increasing average age of mothers at childbirth. The tempo effect is largest in 2000 and 2001 and smallest in 1998. During the entire period the fertility is on average 0.24 higher, therefore the average fertility is not 1.51 but 1.74. Observed TFR, mean age, and adjusted TFR are illustrated in Figure 1 .
It is obvious that in 1995-1998 the change of fertility rate was influenced by both, quantum and tempo effects. In spite of the increase of the average mothers' age at birth, 78 Austrian Journal of Statistics, Vol. 36 (2007), No. 1, 73-86 Figure 1: Observed and adjusted TFR and mean age of birth, Croatia, 1995 Croatia, -2001 Source: Author's computation based on UN (1999); CBS Eurostat (2005) also the TFR increased, after which the tempo effect occurred. Due to tempo effect it seems that the fertility keeps decreasing, although the true fertility increases. Another decrease is experienced in 2001, however, it represents the end of the time period.
Partitioning the fertility into fertility quantum indicating the real position of fertility and in tempo distortion, we notice that the situation in Croatia is less bad than expected. However, it is also true that the fertility in anyway is positioned under replacement fertility. The most important conclusion derived from this analysis is that the trend of true fertility dynamics in Croatia is growing and the decrease of TFR is a result of an increasing average age of women at childbirth rather than the decreasing total number of childbirths.
Comparing Croatia with selected European countries, it is obvious that hidden fertility is present in all listed countries (Table 2) . Except for Finland, where the fertility is only 0.14bpw, in all other countries it is equal or higher than that of Croatia. 
The Coale-Trussell Method
Coale and Trussell proposed an analysis of fertility, which originates from the assumption that the marital fertility is a combination of the natural fertility and the controlled fertility (Becker and Sidibe, 2001; Malačič, 2003; Land et al., 2005) . Fertility without birth control is called natural fertility. In demography this term was introduced by Henry in 1961, and presently we obtain data on natural fertility from the religious sect Hutterits, farmers living in Canada and northern United States. Members of this sect represent a sample of human reproduction capacity (Wertheimer-Baletić, 1999; Rowland, 2003) . The Coale-Trussell method introduces double exponential equation and considers the expression
where a denotes the age group, r(a) the age specific marital fertility, M is the level of marital fertility, n(a) the natural fertility of age group a, m is the degree of birth control, and ν(a) the deviation of marital from natural fertility in age group a. The marital fertility r(a) represents the observed marital fertility of a population. The natural age specific fertility n(a) is specified as the fertility of the Hutterits of age group a. The estimation of the deviation ν(a) is based on 43 groups of different marital fertility behaviors. Xie and Pimentel (1992) 
propose modification of the parameter ν(a).
The model allows two parameters M and m. The factor M represents the level of the curve of the model shown in Figure 1 . Factor m is the degree of voluntary birth control, which expresses the increase of deviation with respect to the natural fertility. If m = 0, only natural fertility is assumed. A value of m > 2 indicates a very high control degree. The factors M and m are sometimes interpreted as the parameters of the interval and stoppage. In this way M indicates that the fertility depends on natural factors, i.e. lactation, abstinence, and similar. The m parameter corresponds to the effect of contraception, artificial abortion for limitation of birth or full stoppage of birth (Fernando, 2004) . In practice the method was very successful in populations without great changes in the degree of fertility control. To determine the parameter values we use
where ASFRM(a) denotes the age specific marital fertility rate. In Croatia this marital fertility is based on the number of married women (obtained from the population census from 2001) and on information about their children (available from Eurostat).
Evaluating the Coale-Trussell equation for Croatia in 2001 results in
r(a) = 0.56n(a) exp(1.94ν(a)) .
The parameter m is 1.94 and indicates a high degree of birth limitations. Such a degree of stoppage of fertility is rather high, also compared to other European countries, see 
The Stable Population Model
The theory of stable population originated from the twentieth century by use of Alfred Lotka's works. However, the fundamental ideas were taken from Euler's works from the eighteenth century. Assumptions of a stable population model (Schoen, 2002; Preston et al., 2003; Rowland, 2003) is closed towards migrations and constant age specific fertility and mortality rates through a longer period of time. Constant fertility and mortality rates lead to an exponentially increase of the population, so that age structure of the population becomes stable. The model of stable population has the characteristic of ergodicity, or the system is independent of initial conditions. If two populations have different age structure but the same age specific vital statistical rates, their structures should become similar over time. For each combination of vital rates there exists a stable population if those rates would be continuously achieved. When the rates are not constant, then for each combination we can determine a stable equivalent population. The growth rate of a stable model represents an intrinsic growth rate, which is the result of the specific age mortality and fertility rates analyzed in that year.
The model belongs to the Malthusian theory of population and has an exponential growth rate. Its characteristic equation is
where α and β denote the limits of the fertile period, p(x) is the probability of surviving up to age x, f (x) is the age specific fertility rate, and r is the intrinsic growth rate. This A.Štambuk 81 equation shows that a single birth is the result of the fertility rate f (x) applied on survived persons born earlier, exp(−rx), where the number of born children increases according to the exponential rate r.
The intrinsic growth rate is calculated from the equation above applying different methods. Here we use the Coale equation with three iterations in order to calculate the intrinsic rate of growth.
where r n denotes the nth iteration of r, 5 L a is the number of person-years lived between ages a and a + 5 from female period life table, 5 m a is the rate of bearing female children between ages a and a + 5, and NRR the net reproduction rate. Also the mean generation volume can be computed by the intrinsic rate. The intrinsic growth rate is connected with the net reproduction rate. NRR represents an average number of daughters, which would be born by a woman when fertility and mortality would remain unchanged. NRR should be 1bpw in order to have the female population regenerated by next generations. If NRR > 1, then r > 0, and the total size of the population increases. If NRR < 1, then r < 0, and the size of the population decreases. In case of NRR = 1, r = 0 and the total number of inhabitants does not change. We come to a stationary population model as a special model of the stable population.
Applying the stable population model we can predict future populations. We can also use this model to predict some part of the history, and the model is used even in cases of incomplete population data. The intrinsic growth rates are analyzed for Croatia as for other European countries for the period 1985-2000. The intrinsic growth rate of the Croatian population is negative throughout the entire period. Negative values are common for almost entire Europe. Dynamics of intrinsic growth rates are graphically compared in Figure 2 . Reviewing these dynamics, we observe a higher decrease at the beginning of the war in 1991 and an increase at the end of the war in 1995. Although at the beginning the rate in Croatia was not high compared to other countries, Croatia is in better position because its rate is stable and its decrease is lower.
The Population Momentum
A population with neutral intrinsic rate becomes stationary only in the long run. When the fertility is on a replacement level, mortality is constant, and when there is no migration, then another possible reason for an increase or decrease of the population still remains the population structure. Different sizes of the younger and older population cohort represent such a possible reason for a changing population size, labeled as population momentum (Preston et al., 2003; Schoen, 2002; Fernando, 2004) .
The population momentum is calculated as the ratio of a future stationary population and the initial size of this population. If the number of inhabitants younger than 30 years 82 Austrian Journal of Statistics, Vol. 36 (2007), No. 1, 73-86 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Source: Author's computation based on UN (2005) (which is approximately one generation) is basically constant, then the effect of the population momentum on an increase of inhabitants affects those over 30, and especially those over 60. The momentum is represented by
where c(a) denotes the proportionate age distribution of the population at the time when replacement-level fertility is imposed, c S (a) is the proportionate age distribution of the stationary population that will eventually emerge, p(a) is the survival function, and m * the replacement-level age specific maternity rates. A momentum larger than 1 indicates younger age structure. In developed countries it usually lies between 1.5 and 1.7 (Schoen, 2002) , which explains a population increase even in countries with reduced fertility. The momentum is estimated by
where N The dynamics of the population momentum in Croatia is compared with other European countries in Figure 3 . At the beginning of the reviewed period the population momentum in the majority of the countries was greater than 1. Actually, the population momentum in Croatia was amongst the lowest ones. It appears that in all countries the momentum has a tendency to decrease during this period.
The momentum in Croatia finally reaches the value 1.003. This indicates that we can hardly expect a population increase resulting from the population structure. In Slovakia and in Poland the values are larger than 1, indicating a younger age structure, which to a certain extent enables the possibility of an increase in population without an increase in fertility. In Romania the value is about the same as the value in Croatia and can hardly lead to a population increase. In all the other countries the population momentum is below 1. Croatia does not have high values of the momentum but the dynamics is more balanced and is kept at the same level at the end of the observed period.
Conclusion
The long term CBR in Croatia is decreasing and sometimes even lower than the mortality rate. Way back in the sixties the TFR started to decrease below the replacement level. However, a decrease of fertility is characteristic for entire Europe and not only for Croatia.
By the Bongaarts-Feeney method fertility is partitioned into fertility quantum and tempo distortion. In the period 1995-2001 the fertility in Croatia is lower than the actual fertility. Hidden fertility is on average 0.24 children per female. Comparing Croatia with other European countries we conclude that in all these populations the actual fertility 25 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Source: Author's computation based on UN (2005) increases when removing the tempo effect. The hidden fertility ranges from 0.14 to 0.57 births per woman. The Bongaarts-Feneey method indicates that the actual fertility trend in Croatia is increasing and that the decrease of TFR is the result of an increase in the mean age of females at childbirth rather than a decrease of the total number of born children. When analyzing the marital fertility by applying the Coale-Trussell method we obtain the degree of the marital reproduction control, which implies a high degree of reproduction limitation. Compared with other European countries, there is really a high degree of slow down of fertility in Croatia, and at the top of the scale are all the countries which are in transition.
The intrinsic growth rate of a stable model is negative throughout the entire analyzed period from 1985 to 2000. Negative values of the intrinsic growth rate are characteristic for almost entire Europe. Although the intrinsic growth rate in Croatia was negative at the beginning of the analysis and lower than in most other European countries, Croatia is in a better position because the dynamics of the rate are more uniformed and the drop rate is lower.
The population momentum indicates that in Croatia it is hard to expect an increase of the population which would be the result of the population structure. As also in other countries, from 1985 to 2000 the population momentum has the tendency of decrease. However, compared with other countries the dynamics of the population momentum is balanced and is kept on a stable level till the end.
Standard demographic measures indicate that the fertility in Croatia is lower with a tendency of decrease. Certain demometric methods, like for example Bongaarts-Feeney and the dynamics of the population momentum, and to some degree even the dynamics of the intrinsic growth rate, indicate that the fertility in Croatia is not in such a bad position as it may appear.
